We investigated the prevalence of electrolyte imbalance and the relationship between serum electrolyte and anterior pituitary hormone levels in patients with Sheehan's syndrome. Methods: In a retrospective study, we investigated 78 patients with Sheehan's syndrome. We also included 95 normal control subjects who underwent a combined anterior pituitary hormone stimulation test and showed normal hormonal responses. Results: In patients with Sheehan's syndrome, the serum levels of sodium, potassium, ionized calcium, magnesium, and inorganic phosphate were significantly lower than those in control subjects. The prevalence of hyponatremia, hypokalemia, hypocalcemia, hypomagnesemia, and hypophosphatemia in patients with Sheehan's syndrome was 59.0% (n=46), 26.9% (n=21), 35.9% (n=28), 47.4% (n=37), and 23.1% (n=18), respectively. Levels of sodium and ionized calcium in serum were positively correlated with levels of all anterior pituitary hormones (all P<0.05). Levels of potassium in serum were positively correlated with adrenocorticotrophic hormone (ACTH) and growth hormone (GH) levels (all P<0.05). Levels of inorganic phosphate in serum were positively correlated with levels of thyroid-stimulating hormone, prolactin, and GH (all P<0.05), and levels of magnesium in serum were positively correlated with delta ACTH (P<0.01). Conclusion: Electrolyte imbalance was common in patients with Sheehan's syndrome. Furthermore, the degree of anterior pituitary hormone deficiency relates to the degree of electrolyte disturbance in patients with this disease.
INTRODUCTION
First reported in 1948 by British pathologist Harold Leeming Sheehan, the eponymous Sheehan's syndrome is defined as hypopituitarism that occurs during or directly after childbirth due to blood loss, resulting in pituitary gland necrosis from decreased arterial perfusion of the pituitary gland [1] . In the 1960s, the prevalence of Sheehan's syndrome was 100 to 200 per one million people [2] . In 2001, Tomlinson et al. [3] reported that less than 1% of 1,014 hypopituitarism patients were diagnosed with Sheehan's syndrome. Furthermore, Regal et al. [4] reported that hypopituitarism affected 455 people in a sample size of approximately one million, and about 6% of the affected people were diagnosed with Sheehan's syndrome.
The clinical symptoms of Sheehan's syndrome may develop in various ways according to the type and degree of hormone deficiency [5, 6] . Early diagnosis and treatment of Sheehan's syndrome is critical, as it can lead to from severe fatigue and decreased energy to coma or even death [5] . However, many patients often receive prolonged inadequate treatment due to the differences in disease duration and symptoms, and several symptoms observed in patients with Sheehan's syndrome are associated with electrolyte imbalance, such as hyponatremia [7, 8] . Although anterior pituitary hormones are known to affect serum electrolyte levels, insufficient information is available about serum electrolyte levels in patients with Sheehan's syndrome. Therefore, this study investigated the association between serum electrolyte levels and the incidence of anterior pituitary hormones and electrolyte imbalance in patients with Sheehan's syndrome.
METHODS

Study subjects
The study enrolled 78 patients newly diagnosed with Sheehan's syndrome and 95 patients in a control group from 1995 to 2014 at Chonnam National University Hospital.
Sheehan's syndrome was diagnosed based on: (1) heavy bleeding during the most recent childbirth along with postpartum lactation failure or premature menopause based on the medical history; (2) a lack of one or more anterior pituitary hormones; and/or (3) an empty sella on pituitary magnetic resonance imaging [6] . Patients who received radiotherapy to the skull or had head trauma or surgery that might affect the pituitary gland were excluded, as were patients with liver disease, kidney disease, heart failure, and/or who were taking medications known to affect electrolyte levels, including diuretics, calcium agents, vitamin D, and osteoporosis medication.
Patients who did not have a proven pituitary hormone deficiency based on combined pituitary stimulation testing at the time of admittance for pituitary tumor diagnosis were included in this study as the control group.
Methods
Patient age and associated diseases at the time of diagnosis of Sheehan's syndrome were analyzed. Patient height and weight were used to calculate body mass index (BMI, kg/m 2 ).
Hemoglobin, creatinine, sodium (reference value, 136 to 146 mEq/L), potassium (reference value, 3.5 to 5.1 mEq/L), calcium (reference value, 8.4 to 10.2 mg/dL), ionized calcium (reference value, 2.2 to 2.6 mEq/L), magnesium (reference value, 1.9 to 2.5 mg/dL), and phosphate (reference value, 2.5 to 5.5 mg/dL) levels were measured using blood samples taken immediately after admission. Total cholesterol, low density lipoprotein cholesterol, high density lipoprotein cholesterol, triglyceride, and glycated hemoglobin levels were measured using blood samples obtained after fasting at least 8 hours. The hormone response was measured with a combined pituitary stimulation test after fasting at least 8 hours while lying down for at least 15 minutes to measure the baseline levels of growth hormone, corticotropin, luteinizing hormone, follicle-stimulating hormone, thyroid-stimulating hormone, prolactin, free thyroxine, and cortisol, along with a blood sugar test. Blood sugar, prolactin, luteinizing hormone, follicle-stimulating hormone, thyroid-stimulating hormone, and corticotropin levels were measured by collecting blood samples 15, 30, 60, 90, and 120 minutes after intravenous injections of 0.1 U/kg of rapid-acting insulin, 500 μg of thyrotropin-releasing hormone, and 100 μg of luteinizing-hormone-releasing hormone mixed in 5 mL of a saline solution [9] . Normal reactions to the combined pituitary stimulation tests were defined as follows: a prolactin level of 2 μg/L or more with an increase exceeding 200% above the baseline value; a thyroid-stimulating hormone level increase exceeding 5 mU/L above the baseline value; a luteinizing hormone level increase exceeding 10 IU/L above the baseline value; a follicle-stimulating hormone level increase exceeding 2 IU/L above the baseline value; a growth hormone level of at least 3 μg/dL when the glucose level was 40 mg/dL or less; and a cortisol level increase of at least 7 μg/dL or a cortisol level of 20 μg/dL or more when the glucose level was 40 mg/dL or less [9] . Delta values were determined by subtracting the basal hormone levels from the highest values of anterior pituitary hormone responses to stimuli.
Statistical analysis
Data are expressed as median values (interquartile range) or percentages. The Mann-Whitney test was used to compare continuous variables between the two groups, and the chi-square test or Fisher exact test was used to compare categorical variables. Spearman's rank correlation analysis was used to analyze the relationships between electrolyte concentrations and the respective hormones. SPSS version 19.0 (IBM Co., Armonk, NY, USA) was used for statistical analyses, and the level of statistical significance was defined as P<0.05.
RESULTS
At the time of Sheehan's syndrome diagnosis, the median patient age was 54.0 years and the median BMI was 22.0 kg/m Copyright © 2015 Korean Endocrine Society clouding of consciousness, three patients (3.8%) were comatose, three (3.8%) had hypoglycemia with glucose less than 55 mg/dL, and 10 patients (12.8%) had an accompanying infection. The median age at menopause was 33.0 years; lactation failure was observed in 73 patients (93.6%); and no patient had diabetes insipidus. Additionally, completely and partially empty sellae were observed in 47 patients (60.3%) and 31 (39.7%), respectively.
Compared to the controls, Sheehan's syndrome patients had significantly lower BMI, hemoglobin, serum sodium, potassium, ionized calcium, magnesium, phosphate, and osmolality, and significantly higher serum creatinine and low density lipo- (Table 2 ). In the combined pituitary stimulation tests, no patient reacted to growth hormones, while no reactions were observed for follicle-stimulating and luteinizing hormones in 74 patients (94.9%), prolactin in 74 patients (94.9%), corticotropin in 71 patients (91.0%), and thyroid-stimulating hormones in 69 patients (88.5%) (Fig. 1) .
The following electrolyte imbalances were observed in patients with Sheehan's syndrome: hyponatremia, 46 patients (59.0%); hypokalemia, 21 patients (26.9%); hypocalcemia, 28 patients (35.9%); hypomagnesemia, 37 patients (47.4%); and hypophosphatemia, 18 patients (23.1%) (Fig. 2) . The median electrolyte levels (interquartile range) in patients with Sheehan's syndrome accompanying electrolyte imbalance were 119.0 mEq/L (113.3 to 130.0) for sodium, 3.2 mEq/L (3.1 to 3.4) for potassium, 7.7 mg/dL (7.5 to 8.0) for calcium, 2.0 mEq/L (1.9 to 2.1) for ionized calcium, 1.7 mg/dL (1.5 to 1.8) for magnesium, and 1.8 mg/dL (1.2 to 2.0) for phosphate.
Positive correlations of the serum sodium and ionized calcium levels were observed with thyroid-stimulating hormone, free thyroxine, corticotropin, cortisol, growth hormone, prolactin, and gonadotropin (Table 3) . Serum potassium levels were positively correlated with corticotropin, cortisol, and growth hormone. Inorganic phosphate levels were positively correlated with thyroid-stimulating hormone, growth hormone, and prolactin and serum magnesium levels were positively correlated with delta corticotropin and delta cortisol.
DISCUSSION
In this study, serum sodium, potassium, ionized calcium, magnesium, and phosphate levels were significantly lower in Sheehan's syndrome patients compared to the controls. In terms of electrolyte imbalance, hyponatremia was most commonly observed in Sheehan's syndrome patients at the time of diagnosis, with hypomagnesemia, hypocalcemia, hypokalemia, and hypophosphatemia observed in descending frequency.
Although the pathophysiology of Sheehan's syndrome remains unclear, a pituitary gland enlarged due to estrogen during pregnancy leads to excessive bleeding during childbirth, rendering the pituitary gland sensitive to ischemic change and subsequent ischemic necrosis leading to the development of Sheehan's syndrome [1] . Furthermore, autoimmune processes involving anti-pituitary or anti-hypothalamus antibodies reportedly affect the pituitary gland or hypothalamus cells [10] .
Postpartum lactation failure and premature menopause are frequently observed in cases of Sheehan's syndrome [5] ; most patients in this study had postpartum lactation failure, and the median age at menopause was 33 years. Other studies have examined the incidence of anterior pituitary hormone deficiency in Sheehan's syndrome. In a sample of 20 patients, Dokmetas et al. [8] observed growth hormone, prolactin, and folliclestimulating and luteinizing hormone deficiencies in all patients, and thyroid-stimulating hormone and corticotropin deficiencies in 18 patients (90%) and 11 (55%), respectively. In a sample of 18 Sheehan's syndrome patients, Lee et al. [11] observed blunted responses to combined pituitary stimulation tests in 15 patients (83.3%) to growth hormone, 16 patients (88.9%) to corticotropin, 15 patients (83.3%) to thyroid-stimulating hormone, and 14 patients to (77.8%) prolactin, and reported that most patients did not respond to follicle-stimulating or luteinizing hormones. In our study, no patient reacted to growth hormone, while reactions were deficient for follicle-stimulating and luteinizing hormones in 94.9%, prolactin in 94.9%, corticotropin in 91.0%, and thyroid-stimulating hormone in 88.5% of the patients. This is probably because growth hormone cells are in the anatomical location in the pituitary gland most vulnerable to ischemic necrosis [12] . The differences in the incidence of anterior pituitary deficiency in various studies is probably due to the different times to the diagnosis of Sheehan's syndrome in each study, because pituitary gland necrosis occurs over a long period. In this study, hyponatremia was the most common electrolyte abnormality in Sheehan's syndrome. Hyponatremia may cause weakness, nausea, and vomiting, and it can even result in altered consciousness or death [13] . Dokmetas et al. [8] observed hyponatremia in 35% of patients with Sheehan's syndrome, while Sert et al. [14] reported hyponatremia in 32% of patients with the condition. Hyponatremia can be caused by inappropriate antidiuretic hormone secretions in a normal blood volume [13] ; in our study, serum sodium levels were significantly positively correlated with thyroid and thyroid-stimulating hormones and corticotropin and cortisol. This finding suggests that thyroid hormone and cortisol reductions are related to serum sodium reductions in patients with Sheehan's syndrome. Moreover, serum sodium levels were significantly positively correlated with growth hormone, prolactin, follicle-stimulating, and luteinizing hormone levels in our study. Growth hormone directly increases sodium reabsorption in the renal tubules and is involved in sodium uptake via the renin-angiotensin-aldosterone system [15, 16] . Greenlee et al. [17] discovered that prolactin promotes sodium transport in renal epithelial cells, suggesting that prolactin also affects sodium and fluid balances. Estrogen has been reported to affect arginine vasopressin secretion and promote sodium retention [18] . Although we cannot demonstrate a causal relationship between anterior pituitary hormones and serum sodium levels in this study, there are signs that, in addition to thyroid and thyroid-stimulating hormones and corticotropin and cortisol, anterior pituitary hormones and their target hormones may be associated with serum sodium levels directly or indirectly. Prolactin receptors play an important role in calcium homeostasis and bone formation [19] , and thyroid hormones act directly on bone cells to increase the liquidity of bone minerals and are associated with urinary excretions of calcium [20] . Additionally, growth hormone reduces urinary potassium excretions [16] . Furthermore, Beshyah et al. [21] reported increases in serum calcium in hypopituitarism patients after 6 months of growth hormone treatments. Although various electrolyte imbalances have been predicted in Sheehan's syndrome patients with anterior pituitary hormone deficiencies, little is known about the electrolyte imbalances other than the relevance of serum sodium levels. In our study, in addition to low serum sodium levels, patients with Sheehan's syndrome had significantly lower serum potassium, ionized calcium, magnesium, and phosphate levels compared to the controls, and these electrolyte deficiencies were each observed in more than 20% of the patients. Nunoda et al. [22] reported that hypomagnesemia improved after cortisone treatments where it accompanied Sheehan's syndrome, and observed significant correlations between serum magnesium levels and delta adrenocorticotropic hormone and cortisol levels. Significant positive correlations were also observed between the serum ionized calcium levels and all anterior pituitary hormones; between serum potassium levels and adrenocorticotropic hormone, cortisol, and growth hormone levels; and between serum phosphate levels and thyroid-stimulating hormone, growth hormone, and prolactin levels. Together, these findings and those of previous studies suggest that the electrolyte imbalances observed in Sheehan's syndrome patients are related to anterior pituitary hormone deficiencies. Additional research is needed to elucidate a direct relationship or mechanism between anterior pituitary hormones and electrolyte levels in patients with Sheehan's syndrome.
In conclusion, various electrolyte imbalances can be observed in Sheehan's syndrome. Considering the slow onset of the condition, which is still diagnosed clinically, Sheehan's syndrome must be considered a possible cause of electrolyte imbalance.
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